f 
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I claim: r 

1. Apparatus for controlling the flow of molten metal 
into a device for the manufacturing of articles of cast 
metal, the apparatus comprising: 

a pressurizing conduit having an entrance, an exit, 
and a working area, said pressurizing conduit being 
resistant to the heat and corrosive effect of the molten 
metal being controlled, 

at least one pair of electrodes at the walls of said 
pressurizing conduit, said electrodes being positioned to 
provide between them a flow of direct current substantially 
perpendicularly through and across said flow of molten 
metal, 

at least one permanent neo-magnet comprising a 
rare-earth element, 

said neo-magnet being positioned in a circuit of 
magnetically soft ferromagnetic material which applies 
north-south unidirectional magnetic flux substantially 
perpendicular to said working area of said pressurizing 
conduit, and 

said magnetic flux being in a direction substantially 
perpendicular to both said flow of molten metal and said 
flow of direct current. 

2. The apparatus as claimed in Claim 1, in which: 
said irare^earth-containing permanent neo-magnet has a 

midpoint differential demagnetizing permeability no greater 
than abou^fl/2 Delta gauss per Delta oersted. 

3. The apparatus as claimed in Claim 1, in which: 
said rare-eatarth-containing permanent neo-magnet has a 

midpoint dif f erenfeial demagnetizing permeability no greater 
than about 4 Delta\gjauss per Delta oersted. 
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4. \ The apparatus as claimed in Claim 1, in which: 
said rare-earth-containing permanent neo-magnet when 

assembled into a suitable magnetic circuit of magnetically 
soft ferromagnetic material provides magnetic flux density 
of at leasty about 1.0 tesla across a non-magnetic gap as 
great as 38 

5. The apparatus as claimed in Claim 1, in which: 
said rarenearth-containing permanent neo-magnet when 

aassembled into\a suitable magnetic circuit of magnetically 
soft ferromagnetic material provides magnetic flux density 
of at least about\o.8 ^esla across a non-magnetic gap as 
great as 38 millimtefer 



6. The apparM^us cis claimed in Claim 1, in which: 
said rare-earth Npermanent neo-magnet comprises a 

material generic^ly known as neodymium- iron-boron . 

7. The apparatus acclaimed in Claim 1, in which: 
said rare-earth permanent neo-magnet comprises a 

material generically known\as samarium-cobalt. 

8. The apparatus as claimed in Claim 1, in which: 
said electrodes are madeXprimarily of carbonaceous 

material . 

9. The apparatus as claimedXin Claim 1, in which: 
said electrodes are made of a\metal similar to the 

molten metal the flow of which is being controlled. 

10. The apparatus as claimed in\ciaim 9, in which 
said electrodes are cooled below their\melting point by 
means of internal coolant passages. 
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lY. The apparatus as claimed in Claim 1, in which: 
saYd electrodes do not penetrate the wall of said 
pressurising conduit. 

12. i\he apparatus as claimed in claim 1, further 
characterized in that: 

said device for manufacturing metal castings is a 
continuous metVl-casting machine. 

13. The apparatus as claimed in Claim 1, in which: 
a similar apparatus of opposite magnetic polarity is 

placed into said magnetic circuit on the opposite side of 
said working"" areay^o^^aVld pressurizing conduit. 

14. The apparatus as claimed in Claim 1, in which: 
a plurality of rar^-earth neo-magnets are divided 

between a first assemblyv placed on one side of said 
pressurizing conduit and^a second assembly placed on the 
opposite side of said pressurizing conduit, and further: 

said first assembly isV arranged to render the pole face 
of its magnetically soft f erromagnetic pole piece a North 
magnetic pole facing said pressurizing conduit, and 

said second assembly is arranged to render the pole 
face of its magnetically soft ferromagnetic pole piece a 
South magnetic pole facing said pressurizing conduit. 



15. The apparatus as claimed \in Claim 1, in which: 
in a magnetic pole assembly, a^least one magnetically 
soft pole piece, except for its end-face nearest said 
working area, is substantially surrounded by a plurality of 
neo-magnets which present to said pole \piece faces having 
the same magnetic polarity throughout. \ 



/ 
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16\ The apparatus as claimed in Claim 15, in which: 
a plurality of magnets is made secure from their mutual 
repulsion \in assembled position by the addition of suitably 
shaped pieces of non-ferromagnetic material. 



17, The ^apparatus as claimed in Claim 15, in which: 
said at leastrsme neo-magnet on its side opposite to 
that side which contacts said magnetically soft 

1 ~ piece, is retained by a magnetically soft 



ferromagnetic pol 

ferromagnetic retjafner fohich is part of said circuit of 

ferromagnetic material. 




magnet icaLty~""sbf t 



18. The apparatus^ as' claimed in Claim 1, further 
comprising: \ 

an electronic sensofv of the class comprising the 
sensing of the level, height, striking point, speed, or flow 
rate of molten metal. 



19. The apparatus as claimed in Claim 18, in which: 
said electronic sensor is\a molten-metal-level sensor 



20. The apparatus as claimed in Claim 18, in which: 
said electronic sensor is arranged to sense the 

striking point of an upwardly directed free 

jet-fountain-stream of molten metal\ 
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21. \ The system comprising the apparatus as claimed in 
Claim 1, with the addition of: 

at lea^st two pairs of passive electrodes opposed to 
each other through the wall of the aforementioned 
pressurizing Vonduit, said passive electrodes being 
positioned across the magnetic flux of an edge area of the 
aforementioned unidirectional magnetic fiux furnished by the 
aforementioned neo-magnets, said passive electrodes thereby 
defining a metal- Flow-generated current path across the flow 
of molten metal, anc/fi^rther : 

said passive e]^ctr^des are connected to an electronic 
controller of the aifor^mer^tioned direct current applied in 



the aforementioned apparati 

thereby>-to confr^r^e Vate of flow of said molten 



metal . 



22. The method for controlling the rate of flow of a 



stream of molten metal into metal-casting device by means 
of electromagnetic force, sai\d method comprising the steps 
of: 

applying through said molten metal stream in a 
direction substantially perpendi\cular to said metal stream a 
unidirectional North-South magnetdc field by means of at 
least one rare-earth-containing permanent neo-magnet in a 
soft-magnetic ferromagnetic circuit, while at the same time: 

sending across the stream of molten metal at the same 
place an electrical direct current in\a direction 
substantially perpendicular to said unidirectional 
North-South magnetic field, and 

directing said stream of molten meVal controlledly 
toward a metal-casting mold. 



23. The method as claimed in Claim 2%. in which: 
said mold is a continuous metal-casting machine. 
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24. The method as claimed in Claim 22, with the 
further steps of: 

us\Lna an electrical signal generated by the rate of 
said flo&lto control said electrical direct current in order 
to adjust khe/&peed of said flow. 



25. 



£\method as claimed in Claim 23, with the 



further st^s 

providing ah c^bient atmosphere that is inert with 
respect to the mettal being poured to the entrance region of 
said continuous metal-casting machine, 

projecting the flow of molten metal in a free parabolic 
jet-fountain-stream toward the entrance of said casting 
machine, 

sensing the striking point of said jet-fountain-stream 
within the casting machine, followed by the step of: 

adjusting accordingly\and automatically the direct 
current applied to said electromagnetic pump in a closed 
control loop, thereby: 

adjusting automatically t^he point of striking of said 
jet-fountain-stream in order to\maintain a desired point of 
striking. 
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The method of casting a succession of identical 
discrete metal objects in a succession of sequentially 
suitably\positioned identical movable molds by means of 
electromagnetic force upon a stream of molten metal , said 
method comprising the steps of: 

applying^ thrOugh said molten metal stream in a 
direction substantially perpendicular to said metal stream a 
unidirectional rJorth-South magnetic field by means of at 
least one rare-ea.rth\containing permanent neo-magnet in a 
sof t-maqnetiji--J^i^Qmagnetic circuit, while at the same time: 

intermittently a%. the same place, starting and 
stopping across/ the stream of molten metal an electrical 
direct current fin a direction substantially perpendicular to 
said unidirectional North-South magnetic field, and 

directing the resulting intermittently occurring, 
quantitatively identical\^treams of molten metal 
sequentially into a series^of substantially identical 
metal-casting molds held stationary for receiving their 
respective infillings of mol\ten metal in order to produce a 
series of substantially identical metal castings. 
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2^. Apparatus for controlling flow of molten metal 
comprising: 

a cbnduit formed of non-magnetic material having a 
passage suitable for controlling flow of molten metal in 
said passage: 

first arid second assemblies of neo-magnets positioned 
on opposite sides of said conduit and being in a magnetic 
circuit providing an intense magnetic field B extending 
through said passage in a direction generally perpendicular 
to flow M of molten lp^bfil in said passage; 

first and second 
of said conduit in e 
with molten metal wi 



said first and s 
connection in an ele 



iptrodes mounted on opposite sides 
;ically conductive communication 
laid passage; and 
id electrodes being suitable for 

ttricai circuit with an electrical 

\ 



source of direct current foh, providing said first and 
second electrodes respectively with positive and negative 
voltage in said electrical circuit for causing electrical 
direct current I to flow through the molten metal in said 
passage in a direction generally perpendicular to said 
intense magnetic field B and ako generally perpendicular 
to flow M of molten metal. 



28. Apparatus claimed in claim 27, wherein: 
said passage has a width in the^ direction of direct 

current flow I greater than its height in the direction of 

said intense magnetic field B. 



29. Apparatus claimed in Claim 28,, wherein: 
said passage has a width in the direction of direct 
current flow I at least about five times greater than its 
height in the direction of said intense magnetic field B. 



• 
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30. ^Apparatus claimed in Claim 29 wherein: 
said passage has a more preferred width in the 
direction ok direct current flow I at least about six times 
greater thanVts height in the direction of said intense 
magnetic field\B. 



31. Apparatus^ claimed in Claim 27, wherein: 

said intense magnetic field B is at least about 5,000 



gauss 



32. Apparatus claimed in Claim 31, wherein: 
said intense magnetic field has a more preferred 

intensity of at least abotit 7,000 gauss throughout an area 
of about 26 square centimsEer^ (about 4 square inches) of 

molten metal in said pass^g* 

\ 

33. Apparatus Claimed in\Cl^im 27, wherein: 

/ i \\ T 

said first and second assemblies of neo-magnets include 

\ \\ I 

first and second pole pieces respectively positioned on 
opposite sides of said conduit; 

said first and secona pole piebes have respectively 
first and second pole faces in spaced parallel relationship 
positioned on opposite sides of saidXconduit and being 
oriented generally perpendicular to the direction of said 
intense magnetic field B; 

said first and second pole pieces have respectively 
first and second pluralities of side surfaces; 

said first and second assemblies of neo-magnets include 
first and second pluralities of neo-magnets i 

said first plurality of neo-magnets include neo-magnets 
having North polarity pole faces adjacent to respective 
side surfaces of said first pole piece; and 

said second plurality of neo-magnets include 
neo-magnets having South polarity pole faces adjacent to 
respective side surfaces of said second pole piece. 
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34. ADparatus claimed in Claim 33, wherein: 
an intense magnetic field B having an intensity of at 

least about \a, 000 gauss extends between said first and 
second spaced\parallel pole surfaces of said first and 
second pole pieces. 

35. Apparatus claimed in Claim 34, wherein: 

said intense magnetic field B having an intensity of at 
least about 14,000 gauss extends throughout an area of at 
least about 26 squareV centimeters (about 4 square inches) 
of molten metal in saicl passage. 



36. Apparatus claimed in Claim 31, wherein: 
said intense magnetic field of at least about 5,000 
gauss extends throughout an^area of at least about 26 
square centimeters (about 4 £g^ai<e inches) of molten metal 
in said passage. 



37. Apparatus claimed in 
said first and second spa 



Cla\im\3v4. wherein: 



ed 



\ 



parallel pole faces are 
spaced apart about 38 millimeters (about 1.5 inches). 



38. Apparatus claimed in Claim 36\ wherein: 
said intense magnetic field having Nan intensity of at 
least about 5,000 gauss extends through \ non-magnetic gap 
of about 38 millimeters (about 1.5 inches).; and 
said conduit is positioned in said gap* 



\ 



39. Apparatus claimed in Claim 35, wherein: 
said intense magnetic field having an intensity of at 
least about 14,000 gauss extends through a nonVmagnetic gap 
of about 38 millimeters (about 1.5 inches); and* 
said conduit is positioned in said gap. 
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Apparatus claimed in Claim 33, wherein: 
said intense magnetic field B extends in a direction 
generally^ parallel with an imaginary Z axis; 

said direct current I flows through the molten metal in 
a direction generally parallel with an imaginary Y axis; 

said flow k of molten metal is in a direction generally 
parallel with anXimaginary X axis; 

said X, Y and Z axes are mutually perpendicular; 
said first and second pole pieces are configured as 
rectangular parallelepipeds_^each having two end surfaces 
and four side surfaces ;. 



f neo-anagnets comprises five 



>-^mag 



said first pluralit 
neo-magnets ; 

a first of said first piuralitV of five neo-magnets has 
its North polarity""pole f^W^djaceVt to an end surface of 
the first pole piece and hat itsNa^aghetic field generally 
aligned with the Z axis providing Noi?th polarity for the 
pole face at the other end of thexfirst pole piece; 

a second and third of said first plurality of five 
neo-magnets have their North polarity pole faces adjacent 
to respective opposite side surfaces of the first pole 
piece and have their respective magnetic fields generally 
aligned with the X axis for augmenting magnetic intensity 
of the North polarity pole face of the first pole piece; 

a fourth and fifth of said first plurality of five 
neo-magnets have their North polarity pole faces adjacent 
to another respective opposite side surfaces\of the first 
pole piece and have their respective magnetic^ fields 
generally aligned with the Y axis for further augmenting 
the magnetic intensity of the North polarity p^le face of 
the first pol piece; \ 

said second plurality of neo-magnets comprises five 
substantially cubical neo-magnets; 
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Claim 40 - continued 

a first of said second plurality of five neo-magnets 
has its South polarity pole face adjacent to an end surface 
of the second pole piece and has its magnetic field 
generally aiSigned with the Z axis providing South polarity 
for the pole fc^ce at the other end of the second pole 
piece; 

a second andNthird of said second plurality of five 
neo-magnets have tl^eir South polarity pole faces adjacent 
to respective oppositei side surfaces of the second pole 
piece and have their \^|s^Qt^ive magnetic fields generally 
aligned with the X axis, for augmenting magnetic intensity 
of the South polar ^f^^&^ad^ of the second pole piece; 
and 

a fourth and f ifth c)fj said ^cond plurality of five 
neo-magnets have their s6uth\polarity pole faces adjacent 
to another respective opposite side surfaces of the second 
pole piece and have their respective magnetic fields 
generally aligned with the Y axis for further augmenting 
the magnetic intensity of the Soutji polarity pole face of 
the second pole piece. 

41. Apparatus claimed in Claim 40, wherein: 

the two end surfaces of the pole pieces are square; 

said first of said first plurality of five neo-magnets 
is cubical and has a square North polarity pole face 
generally matching size of the adjacent square end surface 
of the first pole piece; 

said square North polarity pole face of Wid cubical 
neo-magnet has its square perimeter generally, aligned with 
the perimeter of the adjacent square end surface of the 
first pole piece; \^ 

\ 
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Claim 41 - continued 

said^irst of said second plurality of neo-magnets is 
cubical and has a square South polarity pole face generally 
matching size of the adjacent square end surface of the 
second pole piece; and 

said square\South polarity pole face of said cubical 
neo-magnet has its square perimeter generally aligned with 
the perimeter of the adjacent square end surface of the 
second pole piece. 

42. Apparatus claik^i^in Claim 41, wherein: 
all five of the neoWgn^s of the first plurality of 

five neo-magnets are cubical ai\d their North polarity pole 
faces are the same size;\ \ \ 

an edge of the NorthJpeikrT^ face of the second, 

third, fourth and fifth neo-magnet b\ is aligned with an edge 
of the square end.surfacelof the first pole piece adjacent 
to the North polarity pole\ face of the first neo-magnet of 
the first plurality of five neo-magnets; 

all five of the neo-magnets of the second plurality of 
five neo-magnets are cubical and their South polarity pole 
faces are the same size; and \ 

an edge of the South polarity pole face of the second, 
third, fourth and fifth neo-magnets is aligned with an edge 
of the square end surface of the second pole piece adjacent 
to the South polarity pole face of the fir^t neo-magnet of 
the second plurality of neo-magnets. 

43. Apparatus claimed in Claim 40, whereVn: 

\ 

non-magnetic material is adjacent to all five of the 
neo-magnets of the first plurality of neo-magnets for 
keeping them in their respective positions; and\ 

non-magnetic material is adjacent to all five of th 
neo-magnets of the second plurality of neo-magnets for 
keeping them in their respective positions. 
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AA. Apparatus claimed in Claim 40, wherein: 
a\first pancake cooling layer is interposed between 

said North polarity pole face of the first pole piece and 

said conduit; 

a second pancake cooling layer is interposed between 
said South polarity pole face of the second pole piece and 
said conduit ;\and 

each of said pancake cooling layers contains cooling 
passages thereinV / 

45. Apparatus!! jclaimedNln Claim 42, wherein: 
e^ght-cubicaijwn-magnetlc filler blocks of the same 
size as said cubicaiL^eo^magnets are positioned around said 
first cubical neo-mkgne^ oJN^gid first plurality of five 

cubical neo-magnets; 

1 1 

said eight cubical nonVmagnetic filler blocks are 
arrayed with said Mrst cubical neo-magnet in a square 
layer configuration aligned With a plane parallel with the 
X and Y axes; \ 

four cubical non-magnetic filler blocks of the same 
size as said cubical neo-magnets are positioned adjacent to 
side corners of the first pole piece; 

said four cubical non-magnetic filler blocks are 
arrayed with said second, third, fourth and fifth cubical 
neo-magnets of said first plurality of\five cubical 
neo-magnets and with the first pole piece in a square layer 
configuration aligned with a plane parallel with the X and 
Y axes; \ 

eight cubical non-magnetic filler blocks of the same 
size as said cubical neo-magnets are positioned around said 
first cubical neo-magnet of said second plurality of five 
cubical neo-magnets; 



# 
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Claim 45 - continued 




aid eight cubical non-magnetic filler blocks are 
arrayed with said first cubical neo-magnet of said second 
plurality of five neo-magnet s in a square layer 
configuration aligned with a plane parallel with the X and 
Y axes; 

four cubical non-magnetic filler blocks of the same 
size as saidxcubical neo-magnets are positioned adjacent to 
corners of the\seccft^d pole piece; and 

said four cubicarynon-magnetic filler blocks are 
arrayed with safM second, third, fourth and fifth cubical 
neo-magnets of /said second plurality of five cubical 
neo-magnets anfej witfr t he \second pole piece in a square 
layer confj^tSr^ion^aligh^d with a plane parallel with the 
X and Y ^xes. 



46. Apparatus claimed in Claim 27, wherein: 

a first pancake cooling layer is interposed between 
said first assembly of ned-magnets and said conduit; 

a second pancake cooling layer is interposed between 
said second assembly of neo-magnets and said conduit; and 

each of said pancake cooling layers has cooling 
passages therein. 




